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KEY TO TECHNICAL REPORT NUMBER 6

Technical Report Number 6 is divided into five Volumes.

The titles of these Volumes are as follows:
i Volume I - Relations Between Beacih Features

and Beach Conditicne.

Voiume II Variation and Stability of Beach
Features (including an Appendix on
Wave Tank Tests).

Volume III

Photographic Gray Tones as an
Indication of the Size of Beach

j Materials.

Volume IV

The {cne Penetrometer as an Index

i of Beach Supporting Capacity
(Moiature, Densityv and Grain-Size
Relations).

Volume V - A Method for Es®imating Beach

Trafficabllity from Aerial Photo-

graphs.

L,% R : A *



g o Yt  + 0 g s

TS BT A

4
O
3

s

ACKNOWLEDGMENTS

The suthor wishes to express his apprecistion fcr the
cooperation, ald and helpful opinions provided by Colonel
J. I'. Stefford, U.S.M.C. and Major Carl Hill, U.S.M.C. both of
the Amphibious Branch, 0ffice of Naval Research and by Mr.
Page Truesdell of the Neval Photogruphic Interpretation Center.

The administration, establishment - and continuance - of this

Am nA e«emall wav +tn
L XY o o S0S0A oy "~“’ ’ v

o

he efforte of these men.
The fine work of Mr. Gunnar Simcnsson on routine densi-

tometric measurements is also gratefully acinowledged. Finally,

credit belongs to Miss Barbara Freeman for completion ¢f the

tedious task of report preparation and assembily.

h’z&ﬁm I e P g S i R Sl T IR o L e

a1

aé#

i e s

e A s IS S ARSI $ AR S TOR




SECTION II

APPENDIX B

Pl SECTION I

|

1

H

F SECTION III
Lo

13

]

AN

il

i

LA S R A R i s M i S

APPENDIX A

-

CONTENTS
INTRODUCTION .. 0w o 0'e: w01 w1031 ) arter opie) sl o:vo e

SIGNIFICANCE OF GRAY TONE
PATTERNS ON SAND BEACHES...........8
CONCLUSIONS. ® 9 & 0 & 9 0 0 9 0 0 0 0 000 038

DESCRIPTION OF DATA-COLLECTION .
AND ANALYSIS METHODS......veeee... .48

METHODS FOR QUANTITATIVE
COMPARISON OF DENSITY PROFILES

FOR VARIOUS BEACHES..... 0 90

N

g



ff

. A A AT A e 4 AL g o O

., r«_r
o amilithe et e e e

FIGURE

FIGURE

FIGURE

FICCRE =

PIGURE

FIGURE

FIGURE

-FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

1A

LIST CF FIGURES

COMPARATIVE MOISTURE ZCNES
IN SA]\IDS AEID CLAYS."O..........3‘.\*10

COMPARISON BETWEEN ACTUAL AND
AVERAGED DENSITY PROFIIJES: 3 v 3 5wz 2 17

PHYSICAL AND DENSITY PROFILES OF
BEACH 12A, NOV, 15, 1953..cctcecess.21

PHYSICAL AND DENSITY PROFILES OF
BEACH 12A, SEPT. 4,1954.......00....22

PHYSICAL AND DENSITY PROFILES OF
BEACH 12A, NOV. 18, 1953.+ccc000s0..23

PHYSICAL AND DENSITY PROFILES OF
BEACH NO. 18, SEPT. 24, 1953........24

PHYSICAL AND DENSITY PROFILES OF
BEACH 12A, NV. ?, 1953--;.--.0...0.25

IDEALIZED DIAGRAM OF DENSITY
PROFILE FOR COARSE SAND BEACHES.....26

PHYSICAL AND DENSITY PROFILES
OF BEACH 12A, DEC. lo, 1953-.-.....-27

PHYSICAL AND D3INSITY PROFILES
F BEACH 13, OCT. 21, 1953¢¢¢eeee...30

PHYSICAL AND DENSITY PROFILES
OF BE}\CH 1!'!" NOV. 21, 19530......--.31

PHYSICAL AND DENSITY PROFILES
OF BEACH 17A, DEC. 17, 1953.¢¢404¢0..32

PHYSICAL AND DENSITY PROFILES OF
BEJ‘&CH 17A_q JAN- 14, 1953-00.-.-.-.-.33

IDEALIZED DIAGRAM OF DENSITY
PRCPILE FCR FINE SAND BEACHES.......34

RELATION BETWEEN SLOPES OF PHYSICAL
AND DENSITY PROFILES............'I..BS

TYPICAL GRAY TONE PATTERN OF A FINE
SANDBEACH......'...Il.........l...lllfe

TYPICAL GRAY TONE PATTERN OF A
COARSE SAND BEACH..---..I..--.O...O.ug

| o—

s . e et 4 T P




CAUTIONARY NOTE

It is the ultimate obJective of this research program to
investigate and report upon a methcd for estimating beach traf-
ficabllity by means of aerial photographic anaiysis. Traffica-
bility is a tenuous term. For the purpose of this study, it has
been considered to be related to:

i. 3lope of beech

2. Bearing capaclty of beach
Outside factors such as vehicle types, loads and tire pressures;
driver abilitles and surf ccnditions; and multiple pass effects
were not considered.*

Two things must be emphasized. First, the trafficabllity
dizgram eppearing as Figure 2 of Volume I and mentioned there-
af'ter, relates slope and penetration values and assigns any
given beach to one of five classes. THIS DIAGRAM IS INDICATIVE
ONLY AND SHCULD NOT RBE USED WITHOUT VERIFICATION OR MODIFICATION
IN THE LICHT OF CURRENT OPERATIONAL TECHNIQUES.

Seccndly, the index of beach sand bearing capacity chosen
by the authors for use in this iaveastligation was constant weight
penetration. The auihors believe this to be a reasonable and
acceptable index.”" However, THE SIGNIFICANCE OF THE INDEX WITH
RESPECT TO ACTUAL OPERATIONS MUST BE EVALUATED BY USING AGENCIES.

These statements emphsasize the necessity for studies which
wlll correlate penetratlons with cperating conditions. Only by
this means can the research results dlscussed in Technical Report

#6 by utilized to their fullest extent.

*  See Progress Report #1, "Relatlons Between Beach Features
Visible cn Airphotos and Beach Trafficahility".
*% See Volume IV (Key).
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LIST OF ABBREVIATIONS

Average foreshore slupe (See Appendix A)

Average penetration reading

Backshore

Divergence (See Figure 10)

Median grain-size (See Flgure 10 and Appendix A)

Decimal median grain-size (See Figure 10)

Foreshore

Foreshore mean-sea-level width {See Figure %b
and Appendix A)

Penetration readings

Wetted foreshore
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SCOPE OF VOLUME

This Volume 18 concerned with the factuat aspects of one

subdivision of a current research project conducted for the

Amphibious Branch, Office of Naval Research. It describes the

results obtained from denglitometric analyses of gray-tone

patterns appearing on aerial photographs of certain sand beaches

composed of varlous predominant grain-sizes and
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A series of conclusions appears as SECTION III. These
conclusions are based, for the most part, on the data, analyses,
and discussions inciuded herein. Conseguently, they represent
the specific conclugions of the report -- not conclusions of
the complete research program.

Final conclusions of the complete research program will
be limited in nature. Only those factual aspects that are

pertinent to the ultimate objectives of the program will appear.

These will be published in Volume V.
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are:

The ultimate objectives of the complete research program

ULTIMATE OBJECTIVES OF
COMPLETE RESEARCH PROGRAM

The presentation of reiations between physical
features (visible on aerial photographs) that

are assoclated with beaches, and the traffica-
bility of beachesf

The formulation, based upon such relations, of
a method for estimating the trafficability

i5 of beaches from aerlizl photographs.

*

See CAUTIONARY NOTE




Pi -

PROBLEMS OF RESEARCH

There are numerous features associated with beaches that
may have some relation to trafficability and that can also be
seen on aerial photographs. These are:

1. Details of b=ach profile (width, slope, cusps,
scarps)

2. Wave and surf features (length, frequency,

on, refraction, breaker patterns)

3. Gray tones (beach sands, moisture holding cap-
acity, turbidity stains, depth differences)

4. Environmental features (offshore and onshore
protection, river mouths, sources of supply,
indications of littoral current flow)

5. Miscellaneous features {currant ripples, bars)

These features, as well es trafficability itself, reflest
the interaction of numerous variables. The variables are:

1. First corder varisbles (independent)

a. Location and variations in winds
b. Environment
(1) Protective underwater features
(2) Protective surface features
(3) River and tidal mouths
(4) Littoral currents
(5) Geological sources and types of

| materials that contribute to beach

4 -
5 FNETT T Ll e L a SPLTREES SEADK Y i e NN R A ..
2 : ; e R b\ i a sl ol Bl e - @
. - ] > £ s : w‘.y..? f ‘L.' o, 't Ay %‘f&w*,& e "';';;"
! S TR et g T e T

4 o AcH 1Y
e A i ad A, BT o P ored AR s A 2 W Wi
sy e it L it R



i = -

(6) General offshore slope
¢c. Tides
2. Second order variables (dependent upon first
order)
a. Wave cherecteristics and variations
3. Third order variables (dependent upon first and
second order)
a. Varilations in local cffehore slopes, bars
and local material suppliles.

None of these variables can be contrclled by any normal
means. Few can be evaluated easily by instrumental devices.
Consequentiy, it is difficult to relate specific beach features
to the variasble or combination of variables that produce them.
Tc_satisfy the practical requirements of the project, it was
decided (o subordinate the relations between beach features and
thelr causative variables and to emphasize direct relations

between features and trafficability conditions.
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SCHEME OF COMPLETE RESEARCH PRCCRAM {CURRENT)

The current program was subdivided into varlious separate
activities. This was done in an attempt to circumvent some of
the difficulties previously discussed by varying the direction
of attack.

The sutdivisions established were as follows:

1. Routine Beach Observatlons
The collecticon ¢f rcutine Ebs-rvations at
permanent beach stations for a reasonable
period of time. Thils phase was designed to
glive information concerning the changes of

beach features and conditions on beaches of

various types over a perlcd of time. This

phase, since 1t was concerned with time, was
expected to throw some llight on the relative
importance of causative varliables such as
waves, material characteristics, ete.,

2. Empirical Beach Survey
The collection and analysis of information

concerning the physical and penetromete:r pro-

Blag 5

files and the s3and characteristics of varlous
beaches piecked at random. This phase, asince
it neglected time, waves and environment, was
designed to provide relations between vialible

features and trafficavllity conditions

s
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regardless of any causative variable except

beach materizls.

3. Penetration - Compaction Studies
A small laboratory study of the relations
between penetrometer readings, compaction
and grain characteristies,

4, wave Tank Irvestigation
A small investigation of general relaticns
between slope, slope varistions and relative
stabllity as affected by changes 1n the
characterlistics of waves acting upon materials
of different grain-size.

5. GRAY TONE STUDIES (SUBJECT OF THIS REPORT)
A DENSITOMETRIC STUDY OF GRAY TONES ON THE
BEACH AS INDICATORS OF PREDOMINANT SIZES OF
BEACH MATERIALS AND THEIR RELATIVE FIRMNESS.

Each of these subdivisions will be treated in other

reports.




SECTION II

SIGNIFICANCE OF GRAY TONE

PATTERNS ON SAND BEACHES
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GENERAL

in airphoto interpretation, as practiced by experienced
specialists, great significance is often attribute@ to gray
tones. A so-cailed "black and white" airphoto is composed of
a great variety of gray tones, ranging frocm near black to near
white. These tones reflect many things: the film's reglstra-
tion of actusl soil colors; the reflective characteristics of

various ground covers; and the mcisture content of the soil.

To the interpreter, the latter Indicatlion is of greatest
value in forming an estimate of ground conditions. It will be

noticed on an airphoto that lakes, rivers, or deep bodies of

clean water appear as black or very dark gray. Deposlits of

¢lean, dry sand appear whlte or near white. In general, it

may be said that dry materials may be expected to display lignt
tones and wet materials, dark tones. The degree of tone, there-
fore, may be expected to indicate the general moisture content
of the soil.

The significance of gray tones does not end with this
elementary conclusion. The characteristics of the boundary
hetween two adjacent tones also have considerable significance.
Congider two deposits, one cf pure sand and one of "pure clay”,
both standing at the same slope and in contact with the ground-

water table at the same elevation. The situation is shown in

Figure 1la.
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Because of capillary forces, ground water 1s drawn up-
ward, above the ground-water table, through the soil spaces.
Because of thls process, two zones are created*, one of capil-
lary "saturation” and cne of partial capillary saturation. ‘Une
extent and perfection of these zones depends primarily upon the
characteristics of the soill under consideration. The soil
characteristic of major lmportance is the representative range
of material grain-sizes. 7The smaller the predominant grain-
sizes, the grecater the potentiallty for capillary rise. There-
fore, in general, sands (coarse-grained) may be expected to
have a narrow zone of capillary effect, while clays (fine-
grained) may be expected toc have rather‘proad zones. Further-
more, because of the grain-sizes involved, the zones of capil-
lary and partial capillary saturation in sands may be expected
to be rather constant in character, of relatively small vertical
extent and characterized by an abrupt =top. The analcgous zones
in clays may be expected to vary somewhat more, be of greater

. vertical extent and characterized by an indefinite upper boun-
dary.

In éummation, the zone above the ground-water table in
sands will be relatively narrow, of relatively constant dark
tone and characterized by a relatively abrupt tone break. The

same zone 1n clays may be expected to be relatively broad, of

* The conception of these zones was suggested by Karl Terzaghi.
He also included a zone of contact molsture extending from
the ground surface to the zcne of partial capillary satura-
tion. This zone 1ls neglected in the following dilscuagion.
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gradually changing tone, and characterized oy a zons of
gradual tone diminishment. Thls situation is shown schematl-
cally by Figure 1la.

The practical significance of these differences of tone,
tone boundary and tone extent lles in their evident value as

indicators of soil texture, i.e. predominant graln-sizes.

As explained in Volumes I, II and IV of this report, a

=2

knowledge of predcminant grsin-sizes is of ccnsiderable value
in making an estimate of beach trafficability.

When the current phase of this general research project

Tor ey
wa

, in 1053, it was decided to investigate the pos-

o
=]

0

sibility of relating the tone pattern shown on a beach to its
predominant grain-sizes. It was believed, intuitively, that
all conditions being equal, & beach composed of coarse sand
would have a narrow abrupt tone change at the waterline, while
one composed of fine sand would have a broader, gentler change.
It was realized that, due to tidal fluctuations, wave
changes, 8lope variations and debris accumulations, the patterns
would be subject to some variation, but that, by proper inter-
pretation, the tybical pattern for various grain-size classes
could be distinguished,
In some respects, beaches seemed to provide an excellent
site for gray tone investigations. No vegetative cover required

consideration. The so0il texture was limited to sand sizes,

composed predominantly of quartz and/cr feldspar*. Slopes,
* See Volume I of this report.
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and therefore, reflection, varied within a fairly narrow range.
The Seaches were bounded by two zones of posslble relatively
coniztant characteristics, one being the dry backshore and the
other being the almost completely saturated wetted foreshore.
These zone provided possible upper and lower limits to gray
tone variation.

Consequently, it was felt that the probably advantages
of a gray tone studay outweighed the disadvantages.

At this point, there were two possible methods of appro-
ach, one gualitative and the other quantitative. The guallta-
tive approach invclved the examination of many airphotos and a
general zorrelation of their tong.patterns with grain-size
classes. This method was discarded because of the lack of a

base for comparison, the possible diversity of gualitative

opinion and the neglect of scientific approach. It was realized

that the ultimate user of any information obtained, namely the
military 1nterpréter. would be supplied only qualitative infor-
mation, but 1% was felt that there were definite advantages 1ln
backing up his qualitative information with quantitative data.
Accordingly, a quantitstive approach was adopted. Origi-
nally, the method contemplated the simultaneous execution of
aerlal photography, physical profiling and materlal sampling on
a variety of beaches. This was to be follcwed by controlled
development of the aerial films to something approaching a

constant gamma, and measurement, with a transmission micro-
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densitometer, of the tones across the beach parallel to the
physical profile. It was hoped that comparative quantitative
data p2rtaining to density slopes, adjacent contrasts, étc,
might therehy be obtalned.

This amtitious program troke down for a variety of
reas-ons, and many compromises and revisions had to be made™ .
Further, the quantitative data that was finally usable was
reduced severely. dowever, results were sufficlently good to

meet scme of the project objectives. A discussion of these

regults follows.

A descriptlon of the methods used appears in Appendix A.
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DATA PRESENTATION

The discussion of results 1s quite brief, the major items
of interest being the density plots themselves. On the fecl-
lowing pages, selected density plots; physical profiles, and
beach pictures appear as Figures 3 to 14.

The physical profiles included in these flgures are
actual profliles taken on the beach at the indlicated tinme,
using rod and level &8 described 1ln Appendix A, Volume IT.
Samples of beach sand were taken at the same time.

The small sections of vertical aerial photographs included
in Figures 3 to 14 show the sections of beach upon which the
profiles were taken. Micro-density plots were completed aicng
a2 line roughly perpendicular to the waterline, bheginning at
the small dot appearing on the photographic prints. The posi-
tion of this dot corresponded approximately to the reference
point for ground observations. Letters appearing on the print
indicate reference points that were used to refer all gray tones
to the same range of relative densities for comparative pur-
poses?

The density plot shows coordinate values of relative
diffuse transmission density and distance from the reference
point in feet. All absolute transmission densities were con-
verted to relative densities in accordance with tiae method

described in Appendix B. Therefore, regardless of the condi-

* See Appendix B.
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tions of exposure and development, density plots from any c¢ne

beach on various days could be cumpared quantitatively*. 35,

)
i

sity plots from different beaches could alsc be compared

*

depending upon tne availability of reliable gamma information .
The density plots shown are graphically averaged plots.

The actual micro-densitometric plots were smoothed out. A com-

parison between typical plots appears as Figure 2.

See Appendix B.
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GRAY-TONE PATTERNS OF
COARSE SAND BEACHES

During the ccmpletion of a series of laboratory tests de-
signed to explore the moisture-density-penetration relaticns of
various beach sands,* it was found that coarse sands (D502>
0.5mm.) would not retain moisture at their gsurface 1in excess of
6%-8% (20-30% saturation) regardless of the amount originally
added (until complete saturation, of course).

This experimental fact provides a key to the prcbable gray-
tone pattern characteristic of coarse sand beaches. Logically,

* %
it should conslst of:

1. A fairly uniform, light-toned area indicating the back-
3hore with its negligible surface moisture contents
(0-2% )

2. A band, usually narrow but occasionally broad, of
rapidly increasing darkness, indicating a rapid in-
crease in moisture content (to 6-8%) at the backshore -
foreshore boundary

3. A relatively broad band, of fairly uniform tone,
only slightly derxer than the backshore, indicating
the drying foreshore with its falrly constant maximum

surface mcisture contents (5-8%)

Discussad in Volume I of thils report.

** Erratlic tones due to debris, seaweed, local low-spots, ete..

are neglected.
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A very narrow band of rapidly darkening %tone (often
an abrupt darkening) indicating the sudden change
from & near dry to a nearly saturated conditlion
{80-100%) at the drying foreshore-wetted foreshore
boundary.

5. A bhand, of variable wildth, having a fairly uniform
dark tone iudicative of the wetted foreshore with
its nearly saturated sand (80-100%) and for sub-
stantlal expanse of free water surface.

Patterns similar to these were actually found to be typical
of the coarse beaches for which data was available. Figures 3 to
7 show typical density plots with their accompanying photographs
and physical profilea. Figure 8 1s a schematic representatior
of an idealized density (gray-tore) prcfile.

The pattern may be complicated by the occurrence of cusps,
slope breaks, or frequent high waves. Some of these effects are
shown in Figures 3 to 7. The effect of high waves is well shown
in Figure 9. ~

In summation, the gray-tone pattern characteristic of the
rying foreshore on cocarse sand beaches consists of tw+ tone-

*
bands, one usually narrow and next to the backshore, the other

This pattern 1s specifically characteristic below mid-tigde
ttage. The pattern 1s generally invisible at high tide stages.
Also, when there are frequent high waves separated by periods

of lower waves, there may be an additional dark land near
the waterline. See Figure 8
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relatively brecad and extending to the wetted foreshore. The
first band shows 2 slizht amount of darkening. The second band

1s relatively uniform. Neither band is exceptionally darker

than the tackshcre.
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GRAY TONE PATTERNS COF
FINE SAND BEACHES

The laboratory tests mentlioned on the previous pages
showed that fine sands (D5O‘< 0.2 mm.) would retain substantizal
amounts of surface moisture (up to 26% or 90% saturatilon)

The gray tone pattern of fine sand bpeaches 18 indicated
by this fact. It should consist of:

1. A falrly uniform, light-toned area indicating the

backshore with its negligible surface moisture con-

tents (0-2%)

N\

A band, sometllimes very narrow,of rapidly iIncreasing

darkness indicating a rapid increase in surface mois-

ture content at the backshore--foreshore boundary

shading into

3. A relatively broad exnanse, composed of narrow bands
of gradually increasing darkness, indicating the in-
areasing surface moistures of the drying foreshore.
(The deepening of tone need not always be discernibile
to the naked eye.)

ba. A possible adbrupt darkening of tone indicating abrupt

change to near saturation at the wetted foreshore

boundary
or

4b. A possible "leveling off" of tone indicating the same

thing

-28.
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5. A bznd, of variebie width, having a fairly uniform dark

tone 1indicative of the wetted foreshore with its nearly

[*7
s

saturated sand (80-100%) an: sukstantial expanse of
free water surface.

This pattern was displiayed, in general, by the fine sand
beaches for which data was avallable. ‘Figures 10 to 13 show
typical dengity plots with their aecompanylng photographs and
phycical profiles. Figure 14 is schematic representation of en

idealized density (gray-tone) profile.

U)

There may be slight variations from the "typlcal" general
pattern. For example, there may be abrupt tonal changes of sub-
stantial magnitude at both the backshore boundary and the wetted
foreshore boundary. In contrast, the tcnal changes at these
points may consist of a "break" in density profile rather than a
drop.

Also, the gradient of the density profile on the drying
foreshore, i.e. the rate of tone deepening, is affected by rela-

tively small differences in physical slope. This effect is in-

dicated by Figure 15, showing the linear relaticnship between ths

-~

5is0pe of Gensity profile and ivhe slope of physical proiile. Data

for the preparation of Figure 15 was limited due to the selectvity
involved. Only beaches having a falling tide below mid-tide stage
were used. Beaches with insufficient or suspected physicsl data

were not used. All relative densities were corrected according to

the methods of Appendix B.

=209

S A A

5 "{. - : - \\ =
w'—::-‘ & A e 2 i 23 :;n_ylmg*‘rb& @*‘ ‘ﬁ%‘ we :



E ' e : 1
. Ex | PHYSICAL  PROFLE |———1
B 10 D% = =
éf, 85— +\&< “0f S —WFS
ua L / \\Lf:’ 55
d 0'—— L —————— N |
oFﬂ—an_w —
! ' \
o \ DENSITY PROFILE | I
Eémi - 3
g | \
" s
: 1 B
o oa
© I 1

!§ | S SN R—

o L
0 50 100 150 200 280 00
DISTANGE  (FEET)

FIGURE {0
BEACH NO. i3
DATE 21 OCT. 53
SCALE : I 2500
D (DEC): 2.13
50 1.9




EzT \L ] !
‘E : \N\______\ &% -
a * /S i S . | nes_____ A__I
Y L ; S Rl i
"3

Lo

:
7|

o ‘ A \VA DENSITY PROFILE

N

o}
N

DENS!ITY

N

O

RELATIVE
o
&

0 50 100 150 200 250 300 330
DISTANCE  {FEET)

FIGURE 1!

BEACH NO. 14

DATE 2) OCT 853
SCALE: 1: 2500
D5°(DEC.) g ISO

2.ij

- .
- 3 ;. . I!E ..-:. 'i'
iy I — *
] 1 4 v
51 TR S G MR el ,*i:ss:rmn o
=7 T e o e dfé» “/ : (.\ .“,'
: Tk I, X (R q -:.mf-

MI&'

B
bty o, 2 y ¥ ! g g ,z.» %
5 i St T b S B S A T : P P ARE 2 e ek



: ey
3 e teete] PHYOICAL. PROFLE
$3 y e
.3 = :
' %
§ . —— —
*
- DENSITY PROFILE
/ PHOTOGRAPH | TAKEN
> i N\ 4 DAYS PRIOR TO |
Eo2f—f— ~—TPHYSIC =
§ / \ LITTLE PRQFILE CHANGE|
2 / -
o N | |
v \ FOAM LINE
<
;&10.4 — Lm
o i
O
Q L1s) 100 150 200 250 300 350
DISTANCE {FEET)

FIGURE 12

BEACH NO. ITA

DATE IT DEC. 535
SCALE: 12500

Do A(REC):. 280

50'




£ — o
§§ X ‘EEYS!CA!_ PROFILE |
35 )
w f
e §
2%
§ W — Y J
TR
DENSITY PROFILE
1
=02 N
: \ I
wo \\ I B |
2 |
[
s 9 NG | N
N s =
1!

e
i

o"’f_f.

50 100 150 200 250 300 350
DISTANCE  (FEET) '

FIGURE 13
BEACH NO. |7 A
DATE 4 JAN. 53
i SCALE : 1:2500
D.~DEC.): 2.03
50' 2.09
2,03




i
=
%)
z , B
wl
v o (&
T O = =z
A -2 8w
a g 4]
wd - 3
x Qe 89
2 DN - &
2 e 5 £ =&
e Lo £
- w2 W
[ uJ
= Q@ o =2
= T
|
B |
w
z A
,/
/ /
]
A
n
a
= julld U0 s8uoy AoJd Jaybi]
: 9AIJDBAN U0 Ajsuag Duisbesou] o ,
;
3 - { »Z,q»h, v r‘;—:




|0..J (ol Vo X WY Y o '
N iIowviIv. Iw
RELATION !
o between
SLOPES of
PHYSICAL. and DENSITY
el PROFILES
O-— BEACH S A
;5 X— BEACH 3
Ly »—BEACH s
B - O—BEACH I7TA
w
o
e / g |
j /
=
‘;":’ 5= o X X o
= o
o
5, ] " /
' 4 o @ X a
| w _ v 4
wn
I 3 - X/ UJA
& C
| /
| e
i
I
l-
it
| 7
Vg
I o
]‘ 0 25 50 75 100 i25 i50
¥ SL.OPE OF DENSITY
i PROFILE CDFs) (%)
fé \
i o
= 23 e




e

o0 cwtem e o

Liga [l =

In summstion, the gray tone pattern of the drying foreshore
cn a typical fine sand beach is characterized by a band of rapid
darkening near the backshore boundary; a broad area composed of
narrow bands with only siight adjJacent contrast but a general tcne
darkening, approaching the waterline; a darker zone near the water-
line representing the wetted foreshore. 1In general, the rate of
tone darkening on the drying foreshore is proportional to the de-
gree oi puyaical slcpe. The tone of the drying foreshcre is, for

the most part, consliderably darker thar that of the backshore.
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GRAY TONE PATTERNS OF
MEDIUM SAND BEACHES

Unfortunately, photography below mid-tide and adequate co-
incident ground observations were not cbtained for any beaches
composed of medium sands (D5o = 0.175 mm. to 0.5 mm). All of the
50 photographic-observational sets that were finally avallable
covered fine or coarse sand beaches or were above mid-tide level.
Consequently, no density informaticn was available on medium sand
beaches.

I is to be expected that & medium sand beach will have a
gray tone pattern intermediate between those of the fine and
coarse teaches. The smaller medium sand grain-sizes (D50 = C.2 mm
to 0.3 mm.), abie to hold surface moisture up to near saturation,*
will have patterns resembling fine sand beaches. The larger
medium sand grain-sizes (D5C = 0.3 mm. to 0.5 mm.). able to hold
ure up to saturations of 30-%0%,* will have paiterns

resenbiing coarse sand heaches.

* See Volume i, this report for presentation of this data.
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GENERAL

As mentiorned in SECTION I, the conclusions listed in
this section are based, for the most part, upon data included
or describeed in this report. They should be considered as
specific conclusionsg of the report — not necessarily as con-
clusions of the complete research program. Final conclusions
of the complete research program, limited to pertinent details

bearing upon the practical objectives cf the program, will be

found in Volume 5.
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CONCLUSIONS

The gray-tones appearing on a sand beach with the excep-
tion of those due to vegetation and debris, indicate
primarily the surface moisture present in the beach
materials.

All other things bpeing equal, the surface moisture 18 a
function of the predominant grain-sizes of the material.
The gradation of gray-tones between completely saturated
and completely dry sands 1s primarily a function of the
predominant graln-sizes of the material.

The pattern of gray-tones, appearing on an aerial photo-
graph of a beach, 1s 1ndicative cf the predominant grain-
sizes of the material composing the beach. (Predominant
grain-sizes are related to trafficability?

The gray-tones of the dry backshore (0-10% saturation) and
the wetted forcshore (80-100% saturation) may be assumed
essentially constant for all beaches.w* Accordingly
may be considerel as the upper and lower limits of the

range of tores anpearing on the dryirg foreshore,.

#

* %

volumes I, I, IV and V of this repor,.

urse racvshoreb wlll be darker if recently wetted by
rainfali. Al9o 1t ig important to rememder that the gray-
tones appearing on a beach are funciions of the exposure and
development to wnich both the negative avd print have been
subJected. Since these will vary, the gray tones of both
backshore and wetted foreshore. However, the relative gray
tones, 1f computed ccrrectly, may ve consldered the same.
See Appendix B.
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By eliminating the gray tones of the backshore and
wetted foreshore, the gray tones appearing on the drying

foresnhore are the final indicators ¢f predominant grain-

8izes composing ths bteach.
"he drying foreshores of beaches compoused predominantly !
of fine materials (D50 { 0.2 mm) have gray tone patterns
characterized by:
a, A band of rapid darkenling adjacent te the backshore
boundary.
b. A relatively broad expanse composed ¢of narrow bands
whose tones become gradually darker as the waterline
is approached (the graduzl darkening is not aiways
discernible by eye).
¢. An abrupt darkening or levellng of tone near the
waterline.
This pattern is typlcally shown by Figure 1l6a.
m

e dryling foreshores of sand beaches composed rredomin.

antly of coarse materials (D50 > 0.5mm.) have gray tone
patterns characterized by:
a. A band of rapid darkening adjacent to the backshore

boundeary.

AP ) S

t. A relatively broad band, of fairly uniform tone, only
slightly darker than the backshore.
¢. A narrow band or abrupt darkening of tone close to

the wateriine.

s v b W i e 0

The typlical pattern is shown schematically by Figure 16b.

-41-
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Figure l6a - Typical gray tone pattern of a fine sand beach.

Figure 16b - Typical gray tone pattern of a coarse uand
- beach.
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12.

Sand beaches composed of medium sands could not be
analyzed due to lack of data. Howevecr, based upon lab-
oratory tests reported im Volume IV, it is expected that:
a. Gray tone patterns of beaches composed of the lower

medium sizes (DSO = 0.2 tc 0.3mm.) will resemble the

patterns cf fine sand beaches.

b. Patterns of beaches composed of coarser materlals
(DSO = 0.3 to 0.5 rim. ) will resecmble those for coarse
sand beaches.

The gray tone pettern on beaches composed of zssrse mat-

erlals 1s practically independent of physical slope.

The tone pattern on the drying foreshores of beaches

composed of fine materials 1s affected by the physical

slcpe, the rate 2f darkening inercasing in direect propor-

tion to the degree of slope.

When analyzing gray tone patterns, it 1s important that:

a. The photography show the beach when the tide stage 1is
below its mid-helght.

b. The backshore and wetted foreshore boundaries be care-
fully located.

¢. The local acecumulatione of seaweed and debris as well
as other erratics be eliminated from the tone analysis.

The gray tone pattern may be modified near the waterline

by the uprush due to high waves frequently interspersed

among low waves. This uprush moy cause a two~-toned

pattern for the wetted foreshore.
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APPENDIX A
DESCRIPTION OF DATA

COLLECTION AND ANALYSIS METHODS
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GENERAL

As mentioned previously, the original scheme for data
collection ccontemplated the simultaneous - or near simultaneous
collection of aerlal photography, physical profiles, and rep-
resentative beach samples, followed by controlled film develop-
ment to = fairly constant gamma and quantitative comparison of
micro-densitemetric (transmissive) profiles.

For various reasons, beyond the control of the investiga-
tors, this 1deal sScheme required considercble ra2vision, compro-
mise and elimination. The information which follows pertains

only to the revilsed umetnhods of data collection and analysis.
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DATA COLLECTICH

The raw data consisted cf two types:
a5 liyslcal data
8. Physical profile of beach
b. Representative samples of beach material
2. Aerial photography

The physlcal profile of the selected tegt beaches was
obtained by a ground observer ai frequencies ranging from two
to four times per week. Whenever possibtle, the profile was
taken at times when the sea-levels were below mid-tide stage.
Profiles were determined with the ald of an erzineer's level
and rod, according to standard procedures. Detalls are reported
in Appendix A, Volume 1II.

Representative samples of the surface materials (0-3"),
selected in accordance with the ground observer's Jjudgment, were
obtained for the backshore, drying foreshore, and wetted fore-
shore at the samc time that the physical profile was completed.

Vertical serial stereo photography was taken at frequen-
cies ranging from one to four times per week, with frequent
lapses, on each of the selected beaches. The photography was
not necessarily completed on the same days as the physical prc-
files were taken. Tiie photography was accomplished with stand-
ard aero filters, at scaleg of 1:2500 and 1:10000 between the
hours of 1000 and 1400 with few exceptions. Occasional flights

involving coler, infra-red or Sconne photegraphy were also

6=
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METHODS OF ANALYSIS

Following the receipt of fleld level notes and samples
from the ground ohserver,; the physical profiles were computed
and plotted on cross-section paper and the samples were sub-
Jected to a mechanical analysis in accordance with the standard
method adopted by the American Society for Testing Materiale.

At first, attempts were made to control film development
to a constant gamma. Film footages were carefully measured;
density wedges were carefully exposed on the undeveloped rolls
at four locations; chemicals, temperatures and times were con-
trolled or thoir eirect recognized. Unfortunately, the efforts
were largely in vain. Development was essentially non-uniform
even within a single r0ll. However, it was possible to obtain
high gemmas so that small differences in tone wouid be reflected
by large differences in negative density.

Following development, the density wedge pointed closest
f

to the

7]

erial frame covering the test site, as well a8 a section
of the frame covering the site, were cut out of the roll.
Reference points for the calculation of relative densities were
delineated on each section cut out. The wedges and frame
Sections then subjected to a measurcment of micro-transmission
densities proeceeding in a direction perpendicular to the water-
line, beginning at a point on the film corresponding to the

actual backshore reference pecint used for observations on the

ground. The micro-densitometer used for measurement had both
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automatic feed and automatic recording. A typicai typc reaord
is shown on Figure 2.

The denslty-distance plot cobtained from the micro-densi-

A ITORIPRE

tometer was averaged as shown by Figure 2. The dengities of

=
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reference points were measured and the relaiive densi

Bl

the beach were comput~d in accordance with the methcd described
in Appendix B.

Finally, density picts were compared in detaii witn the
; physical profiles and aerial photography. Erratics were
eliminated, and representavive density profiles determined.
The position of the waterline at the time of photography was

Judged after determining the tide-lievel position at time of

photography.

Whenever possible, slopes and adjacent contrasts on den-

8lty piots were compared quantitatively.
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v Ny TV
L

DENSITI

Ak eead



(i"n—-—.- i =
]

:
£

i
|
i
|
§
g
g
1
§

GENERAL

vaicalat

As mentioned in SECTION II, it was decided to attempt

quantitative comparisons of density profiles for:
1. The same beach at different times
2. Different beaches at different times

To accomplish the obJlective, it was initially proposed
that black and white reference panels be 1nstalled on each test
beach and that photographs of all heachee be developed tc &
uniform gamma.

Both ideas proved impracticable. It was found to be
excesslvely difficult to maintaln the panels, while development
to uniform gamma could not be achieved with the egulpment
available*. For example, 1t was found that gammas not only
varied from roll to roll but also varlied within the same roll.
Despite great efforts tc control development, even further
efforts proved necessary, and the concept of uniform development
was ateandoned.

It was decided, 1nstead, to base thc dcnslty measurements
upon mathematical manipuiation of the actual density profiles.
Two approaches were adopted. The first approach was based upon
the assumption that gamma curves would be available for each
roll of negatives. The seccnd approach was based upon the ass-
umption that the gammss would not be available. The mechanies,
techniques and compuiaticns of each approach were concelved and

executed for the most part, by dr. Cunnar Simonsson.

¥ Standard mctcr-driven aerial roll f1lrm develcper.
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APPROACH BASED UPON THE

AVAILAGBILITY OF GAMMA VALUES

Conzider two points, A and B, on the ground. Let the
inherent brightness of A = a and that of B = b. When a picture
is taken of the ground, under uniform atmospheri¢ conditions,
it may be assumed safely that the intensities of lighi siriking
the negative from points A and B are proportional 7o their
inherent brightnesses and that the cxpesure values, E, for the
two points, are pronortional to the intensities. For the two
points, the significant relations can be expressed:

Ey = Xa
Ep = Kb
where K 1s the constant of proportionelity for the negative.

The characteristic curve of a given negative shows the
relations between densities on the negative and the logarithm
of exposures reauired to produce those densities. The straight-
line portion of the characteristic curve therefore has the
equation D =5 log E where ¢ = gamma = the tangeni of the angle
between tihe straight-line portion of the curve and the horizon-
tal. The densities of points A and B, then, are:

DA = Jlog Ka
Dp =& log Kb

The density difference is:

o
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ir <f is the same for all negatives of the same beach,
the density difference for the twe points should remain con-
*
slant.

if & 1is different for different negatives then the quan-

tity DA - DB should remain constant:

/ 1 DBl =fl IOg%

v
e
'

o
'

a
ap = Ppp =F2 198 5

a DAl - DBi _ DA2 E 11’32
5™ constant =
&1 I

Consequently, if & 1s known for each negative, it is
simple to manipulate the denslities on one negative su

can be compared to those con another. This is done by selecting

differences to the same range. This can be done by using the
simple ratlio of gammas as a multipiler;

- D D, -D
Ay "By .

1
»
n

Ar  "Bp = f;; (DAl = DBl)

if D, - Dg be selected as unity (100%) it is not neces-
1

A
n
1
sary to measure the density at any specific points cn negative
number two since the density differences between any two points
need merely be multiplied by g{? to expand (or contract) them so

as to be comparablie to the rag;% DAl - DBl'

¥ See Footnole on rficAv Dage.
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APPROACH BASED UPON
ABSENCE OF RELIABLE GAMMA VALUES

This sapproach was founded upon the assumption that cer-
tain reference points ciuse tc the beach would maintain a
roughly constant relative brightness', The points required
careful selection - the backshore surface, a dark road surface,
the surface of a still deep water body, etc. If many points
with well distributed brightnesses were ciiosen, it was felt

that the comparison between different negativec of the same

beach could be based upon the relation between the density
differences of the selected reference points in all relevant
combinations. This method 1s explalned in the following para-
graphs.

Let the densities of pcints &, B, C and D be denoted 4,
B, C and D. Then the density differences for various negatives

2f unknown gemma are denoted by the followlng table;

*Assuming that the intensities do not change differentlially
because of non-uniform atmospheric conditions and angles of
sun-illuminztion. Even these may change - within limits-
without appreciably affecting results.




) Density - Neggtives!_ ]
Differences 1 _%; 2 3 n
T (5 ) = 3y (A- N =71
A - B (2 B)l (A B)e (A B)3 (a .5)n
A-C (A-c)1 (A-c)2 (A-U)3 (A-c)n
A -D etc. etc. etc. etc.
B-C ¢ |
B-D
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In accordance with the previous section:

(A-B), _ (A-B);

and
(‘l/ 1 "f’l
(A‘B)n = d(‘n
(A-B)l (fl

(A-C)pn - CF“ and
(a-Chy N

(A-B), (A-C), {B-0) ete.

n “
= = = R
(A-Bj1 (A-C)y (B-C),q \ (f 1,

Assuning that a given negative has, because ¢f unavoidabie
changss 1n brightness and errors of measurement, a range of
R-values,

let R = “AB * Fac * Bap * Rpg + cte.
number of relevant combinations
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Assuming that all values of density are to be converted
in such a manner that they can be :compared to the range of
l ' values corresponding to negative n, then, in scccordsnee with
the previous section, the product)\mei ghould be conetant where
is the gamma {unknown) of any negative being converted and

X

Rmx is the average A n based upon all relevant density combin-

N .
ations for the selectéd points on any negative (i.e. if A n

is8 a constant for all combinations on a given negative, theﬁ
Rpy, 18 also a constant and any product of \mex 18 constant).
In most cases, the R-values for a gilven negative did not differ
considerably from the Rpy-valuve and the)\mex values did remain
quite close (total range on one teach was 1.72 to 2.64 but most

l values lay within a range of 1.72 to 2.30)*.

;% ' I the R-values of s negative deviate considerebly from

i . the Rp-value, the most reliable density differences - and

| R-velues - can be investigated.

The ideal value of the ratics le(A'B)l, RmQ(A'C)é, ete.

! i (A-D2; (A-C)p
: shculd equal one. If, instead, the ratious Tluctuate consider-

ably for a given density difference, say A-B, the density dif-
ference A-B 1s not reliable, i.e. A, B or both are bad points.
By studying all other combinations having A and B it is possible

to apportion appropriate weights to the various density differ-

Lo s 9 AR @ o) Hig

ences and calculate a new Rpy-value.

* Ax values were available in all cases and were used to
the accuracy of the proposed apprcach. Actually, the a
was not needed for the purposes of the project.
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The quality of the above method for cumparing densities

on one beach with those of another cepends upon the number and
supply ot good points. The more points thai are used, the

better the anticipated resgults, but the more time consuming 1s
the determination. It is desirgble that the brightress differ-
ence between the darkest and lightest points chosen, be as

great as possible. Two additional pcints between these extremes
may generally be considered sufficlent fcr most determinations.

Lemn Y D
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be carefully chosen %o provide a large area

The pecints
of even brigniness which will not iluctuate greatly. Of course,
when two or more beaches are compared, the reference polnts are
not the same and the results of measurements may be expected tc
divergs from the 1deal. However, 1f the points are of analogous
types, vitumincus rcad surfaces, dry beach areas, still-water
surfaces, otc. 1t has been found that the method can be utilized

effectively.

Cf covurse, the methcd based upon 2vailable gamma-values

is the best. It 1s important, however, if this method 1s used,
to lnvestigate the range of densities for the beach points in
relation to the shape of the characteristic curve. If these
densities fall on a curved line portion of the curve, the den-

8ity differences for the beach should be figured directly from

the curve.
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